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about the ‘smooth ball’ of biology.
This would have been impossible
without taking evolution into
account.
The simplest autonomous living
systems today are prokaryotes, the
results of billions of years of
evolution. There is just no way that
a prokaryote with its genetic code
could have self-assembled in the
primordial soup. There must have
been a long phase of evolution by
natural selection from the first
living entities to bacteria, as Gánti
recognized in 1971. But how can
one think of these earliest
systems? Chemoton theory offers
such a conceptual breakthrough.
The abstract systems are
characterized mathematically;
Gánti even had to invent cyclic
stoichiometry to deal with
chemical cycles in an
unambiguous manner. 
A conceptual framework of this
kind has many potential uses;
helping to understand the origin of
life is just one of them. Synthetic
biology is taking off in front of our
eyes: its main goal is to implement
a biomimetic, artificial and
evolvable chemistry. For example,
the EU has agreed to support an
integrated project with the self-
explanatory title ‘programmable
artificial cells’ (PACE). Gánti knew
in 1978 that chemoton theory
would be useful for such an effort.
Synthetic biology will no doubt
deliver technological benefits. But
its main intellectual ‘deliverable’
will be to show that we have
understood some basic biology;
just as the total synthesis of a
molecule proves that the chemist
knew what he was doing.
Theoretical biology goes well
beyond fitting curves and
crunching numbers. 
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The colour black is found
widely amongst the array of
others used in a variety of
biological species. In fact for
those that use colours for
sexual display or for other
reasons of attracting attention,
a black border or contrast
heightens the visual impact of
the coloured regions. The
appearance of blackness has
typically occurred as a feature
of surfaces of low reflectivity
and attributed to pigments
strongly able to absorb
incoming light of all
wavelengths. So traditional
studies of black coloration have
focussed on the pigments
involved. 
But new work suggests there
may be more to blackness in
animals than light-absorbing
pigments. In some butterflies, at
least, P. Vukusic and J. Sambles
at the University of Exeter and
C. Lawrence at DERA in
Farnborough, UK, report in the
latest edition of the Proceedings
of the Royal Society of London,
Series B (published online), that
the minute details of the
structure of the scales
displaying the black colour may
have additional light-absorbing
properties to enhance the black
effect. The researchers studied
individual scales from the wing
of a preserved male specimen
of the butterfly species Papilio
ulysses to test its light-
absorbing properties. This
butterfly displays two sorts of
black on its wings; one a matt
black, and the other a lustrous
black. They found that both
types of scales were able to
absorb between 90 and 95 per
cent of all normally incident light
at each wavelength tested. They
then tested them in a liquid
which eliminated any structural
involvement in light absorption
so that light reaching the scale
would only be subject to the
absorption within it, and not to
any interference, scattering or
diffraction effects associated
with the scale structure.
Under these conditions, the
researchers found that there
was a 40 per cent decrease in
the optical absorption of the
scale from the matt black part
of the wing but only 20 per cent
from the lustrous parts. 
The researchers show that the
detailed scale structure
differences between the two
types is responsible for the
difference in visible blackness
so that, in this case at least,
pigments are not the whole
story.
Blacker than black
Dark issues: A male of the species Papilio ulysses displays a structurally assisted
blackness to the iridescent blue of his wings. (Picture: Oxford Scientific Films.)
